Summary: Mercury from a historically contaminated river has escaped into the terrestrial food web where it is biomagnified by terrestrial spiders and bioaccumulates to levels of concern in the forest songbirds that eat them. Abstract: Mercury has contaminated rivers worldwide, with health consequences for aquatic organisms and humans who consume them. Researchers have focused on aquatic birds as sentinels for mercury. However, trophic transfer between adjacent ecosystems could lead to the export of aquatic mercury to terrestrial habitats. Along a mercury-contaminated river in Virginia, United States, terrestrial birds had significantly elevated levels of mercury in their blood, similar to their aquatic-feeding counterparts. Diet analysis revealed that spiders delivered much of the dietary mercury. We conclude that aquatic mercury pollution can move into terrestrial habitats, where it biomagnifies to levels in songbirds that may cause adverse effects. Rivers contaminated with mercury may pose a threat to the many bird species that feed on predatory invertebrates in adjacent riparian habitats.
2 main tributaries of the South Fork Shenandoah River. Similarity of habitat between reference and contaminated sites was tested by comparing the bird communities present.
Between 8 June and 5 July, 2005, 20 points were surveyed twice for singing birds on each contaminated and reference sites, using the standard 10-minute circular plot method with a radius of 100 m and distance sampling. No differences were found in species richness (n = 77 species total; 65 on contaminated and 65 on reference), or mean density of individuals per ha per species (contaminated: 0.09 ± 0.11; reference: 0.10 ± 0.13, df = 152, t = 0.63, P = 0.53). To determine if birds at the two types of sites differed in condition, we compared body mass of individuals of the same sex from the three most abundant species captured and found no differences (Table S2 ). Thus we detected no systematic bias between contaminated and reference sites in habitat characteristics affecting birds.
Tissue sampling
During the spring breeding season (March-July 2005 and 2006) we sampled blood from 238 adults of 13 bird species that were defending breeding territories within 50 m of the river shore and feeding primarily on terrestrial prey (Table S1 ). These were compared to 124 adults of the same species nesting on reference sites. As a baseline for the level of bioaccumulation expected in aquatic-feeding birds, adults of five species with direct dietary connections to the aquatic mercury source were sampled from contaminated (n = 126) and reference sites (n = 135). The aquatic bird species sampled included the only fish-eating species nesting at the study site (a kingfisher, Megaceryle alcyon), three species that specialize on emerging aquatic insects (two swallows, Tachycineta bicolor and Stelgidopteryx serripennis, and a flycatcher, Sayornis phoebe), and one duck that consumes vegetation and invertebrates (Anas platyrhynchos). Avian blood was sampled non-lethally and reveals mercury contamination from dietary uptake during the previous few weeks (S3) . Nearly all (>90%) of the mercury in avian blood is in the form of highly toxic methylmercury, so the simpler analysis of total mercury is sufficient to closely approximate methylmercury level in bird blood (S4). We collected 10 small feathers from the breasts and backs of three non-migratory species (Megascops asio, Melanerpes carolinus, Thryothorus ludovicianus) to determine whether mercury levels had been elevated for an extended period. Feather mercury concentrations were reported on a fresh weight basis. Mercury is bound in feathers primarily as methylmercury and remains stable for long periods of time (S5) . Because body feathers grow later during molt than most flight feathers, they typically contain less mercury (S6).
Diet sampling
We sampled diet using the ligature method in which a temporary constriction is placed around the nestling's neck, allowing breathing but preventing the swallowing of prey delivered by parents (S7). All prey delivered to a nest during 1 hr on each of 3 days was collected, weighed, identified to order, freeze dried, and re-weighed. Kingfisher prey items were collected directly from the bird's bill during capture and processed in the same manner as the songbird prey. We obtained total mercury levels and fresh weights of prey items from wrens in 2006, whereas for bluebirds the prey mercury data were To test the assumption that adult birds (from which blood mercury levels were collected) eat prey similar to that which they feed their nestlings (from which prey were collected), we used stable nitrogen isotope signatures (S8) . Combining the three species from which we had collected prey items (8 Carolina wrens, 18 bluebirds, 6 house wrens), we regressed 32 nestling blood ∂ 15 N values with the mean parent values from the same nests.
Adults and nestlings were significantly and positively related (y = 1.195x -2.16, r 2 = 0.81, F = 127.7, P < 0.001). Thus, the prey that we collected from nestlings should provide an approximation of adult mercury exposures. This assumption is a conservative one, because if it is violated it would likely be due to the larger adults eating higher on the food chain and thus being exposed to even more mercury than the nestlings from which we collected prey items.
Mercury analysis
Analysis for total mercury was completed with cold vapor atomic absorbance spectroscopy using a direct mercury analyzer (DMA-80 Milestone, Inc., Shelton, Duplicates (n=9) yielded an average relative percent difference of 5.8%; spike recoveries (n=7) were 101.2 ± 3.91%. Mean percent recovery of standard reference material was 101.1 ± 3.43% (DOLT-3, n=3).
Samples of freeze-dried, homogenized prey items were analyzed for stable isotopes of Nitrogen at the UC Davis Stable Isotope Facility (Davis, California, USA) using continuous flow isotope ratio mass spectrometry. All sampling was done under applicable USA, Virginia and institutional rules. 
